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® Under carpet flat cable assembly and method of fonning a turn in same. 



@ A thin, relatively flat fiber optic cable assembly 
for laying under carpeL The cable assembly in- 
cludes at least one resilient buffer tube (22) and at 
least one optical conductor (24) disposed inside the 
tube and being movable therein. The cable assem- 
bly Includes a strength member (28) having limited 
elaticity and a plastic Jadcet (26) formed about the 
tube and the' slrength member with the jacket having 
a preferably flat top surface and a flat bottom sur- 
fece. The tube and the strength member are posh 
ttoned in the Jacket midway between the top and 
tx)ttom surfaces with the tube and the strength 
member being~spaced and with their respective axes 
positioned In a plane whidi is generally parallel to 
the bottom surface so that a bend can be formed in 
Cjlthe cable by renrKJving a section of the jacket to 
^expose ttie strength member and ttie buffer tube, A 
^method of forming and defining the tum using the 
lAfiber optic cable assembly is also disctosed. 



0> 

in 

CM 




FI6.2 



CL 
lU 



1 



0 259 051 



2 



UNDER-CARPET FLAT CABLE ASSEMBLY AND METHOD OF FORMING A TURN IN SAME 



The present invention relates to cable assem- 
blies and. more specificaBy. to a thin, substanfially 
flat cable assembly incFuding a conductor, such as 
an optical fiber, which can undergo only limited 
bending without damage. 

One particularly efficient and economical way 
to route electrical conductors is through the use of 
a ribbon cable, having a number of spaced parallel 
electrical conductors held in a thin, flexible layer of 
insulation, laid under carpeting in. for example, 
office areas. A change in direction In such a flat 
cable is achieved by sharply folding the cable upon 
itself so that stacked layers of the cable result at 
the bend. While such a method of changing direc- 
tion can be employed with a ribbon cable havirtg 
spaced copper wires which can undergo an imme- 
diate 90 or 180 degree bend, this method of 
changing direction is not suitable with a cable 
assembly including an optical fiber or a coaxial 
cable. Sharp bending of an optical fiber will result 
in light attenuation, while folding an optical fiber on 
itself will cause rt to break. Folding of a coaxial 
cable will mechanically damage the shield, dis- 
place the dielectric between the conductor and 
shield, and cause a change in the impedance char- 
acteristics of the cable. Also, folding of a cable 
upon Itself doubles its thickness, which could make 
the presence of the cable under carpeting more 
noticeable. Of course, bending of a flat cable in the 
plane of the cable results In no appreciable in- 
crease in cable thickness. 

One recently-proposed generally flat coaxial 
cable assembly for use under carpeting includes a 
jacket of polyvinyl chloride (PVC) having a central 
portion, hoidirtg a small coaxial cable, and side 
portions each having a stress-bearing member of 
nylon. The stress*bearing members, which are rela- 
tively inelastic, are independently longitudinally 
movable in the jacket Bending of the flat cable 
assembly in the plane of the flat cable causes the 
member at tiie inside of the bend to extend beyond 
the jacket while the member at the outside of the 
bend is drawn inside the jacket As the stress- 
bearing members must move throughout the lengtti 
of tine cable assembly, the force required to form 
tiie bend is a function of the lengtti of the cable 
assembly. For furtiier information regarding the 
structure and operation of such a cable assembly, 
reference may be made to U.S. Patent tto. 
4.419,538. 

Anotiier recently proposed generally flat fiber 
optic cable assembly is manufactured with a right 
angle turn section. The fiber optic filaments of the 
cable are held in tension and separated by combs. 
The filaments are eml)edded in a resin layer dis- 



posed between laminations. Bonding of the compo- 
nents is effected in a press under heat and pres- 
sure to form the required curved section in a flat 
fiber , optic cable. For further information regarding 
5 the structure and manufacture of this cable assem- 
bly, reference may be made to U.S. Patent No. 
4.496,215. 



JO Summary of tiie Invention 

Among the several aspects and features of the 
present invention may be noted the provision of an 
improved under-carpet cable assembly. The cable 

75 assembly is thin and relatively flat and a turn can 
be formed in tiie plane of tiie cable in tiie field by a 
relatively unskilled installer using only simple hand 
tools. The conductors of the cable assembly can 
readily be separated from the jacket material. The 

20 cable assembly Includes optical conductors which 
are loosely held in the cable assembly so that the 
optical fibers are free to move In response to 
temperature changes. Furthermore, the cable as- 
sembly is reliable in use, has long service life, is 

25 lightweight and is relatively easy and economical to 
manufacture. Other features and aspects of tiie 
present invention will be in part apparent and in 
part pointed out hereinafter in the following speci- 
fication and drawings. 

30 Briefly, a cable assembly embodying various 
aspects of the present invention includes at least 
one resilient buffer tube and at least one optical 
conductor inside the tube and movable therein. The 
assembly may include at least one strength mem- 

35 ber having limited elasticity and a plastic jacket 
formed about the tube and the strength member. 
The jacket may have substantially flat, parallel top 
and bottom surfaces witti the tube and strengtii 
member being disposed in the jacket substantially 

40 midway between these surfaces. The tube and 
strength member are spaced and their respective 
axes are positioned in a plane which is generally 
parallel to the bottom surface. 

A mettiod of forming a turn in tiiis cable as- 

45 sembiy includes the following steps: 

a) Transverse cute are formed through the 
jacket without cutting the tube or tiie strengtii 
member; 

b) Longitudinal splits are formed in tiie Jacket 
50 intermediate ttiese cuts at the tube and the 

strength member; 

c) The jacket material between the cuts Is 
removed to expose the tube and the strength 
menriber; 
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d) Cable portions between which the jacket 
has been removed are positioned to define the 
desired turn in the plane of the bottom surface; and 

e) The cable portions, the exposed tube and 
the strength member are maintained in their posi- 
tions defining the turn. 



Brief Description of the Drawings 

FIG. 1 is a perspective view of a thin» rela- 
fh^ely flat fiber optic cable assembly embodying 
various features of the present invention. In which a 
right angle turn has been formed; 

RG. 2 is a cross^sectional view taken along 
line 2-2 of FIG. 1 of the cable of RG. 1 including a 
pair of buffer tubes, hokiing optical conductors, 
flanking a central strength member; 

FIG. 3 Is a plan view of a portion of the cable 
of FIG. 1 including the turn showing a potting, a 
portion of which has been removed, in which the 
buffer tubes and strength memt^er are embedded; 

RG. 4 is a perspective view of a pliers-type 
cutting tool for transversely cutting the jacket ma- 
terial of the cable assembly; and. 

RG. 5. similar to FIG. 2. shows a first pre- 
ferred altemative embodin^ent of the cable assem- 
bly of the present invention including a pair of 
spaced strength members flanking a buffer tube 

Refem'ng now to the drawings, one prefen'ed 
embodiment of a thin, relatively flat cable assembly 
embodying various aspects of the present Invention 
is generally indicated In RG. 1 by reference nu- 
meral 20. The flat cable assembly 20 is particularly 
adapted for, but not restricted to, laying under 
carpet and a turn can conveniently be fomned in 
the cable in the plane of the cable. As shown in 
FIGS. 1-6, the flat cable includes conductors of 
electromagnetic radiation, such as light an exam- 
ple of which is an optical conductor including a 
glass or plastic fiber. The cable could also Include 
small coaxial cables or twisted pairs of electrical 
conductors. In tiie event of either tiie optical fiber 
assembly or the coaxial cable, sharp bends, such 
as caused by folding tiie cable on itself. wouM 
cause damage. 

More specifically, tiie flat cable assembly 20 
shown in RGS. 1-4 includes a pair of spaced buffer 
tubes 22 of a somewhat rigid but resilient tiienno- 
plasfic material such as polycarbonate or tiie like. 
Disposed inside each buffer tube 22 are one or 
more optical conductors 24 which have outside 
diameters smaller tfian tiie inside diameter of tfie 
buffer tube. In the event multiple optical conductors 
24 are disposed inside each buffer tube, tiie tube 
has a sufficient size ttiat the conductors 24 are 
toosely held so that tfiey are free to move. 



Each optical conductor (fiber) 24 may be of tiie 
type comprising a commercially available glass or 
plastic fiber assembly and a protective resilient 
sleeve formed ot preferably, a plastic material. The 

5 fiber assembly has a glass or plastic fiber core for 
transmitting light a glass or plastic cladding for 
reflecting light back into the fiber core, and a 
plastic coating, applied at tiie time of manufacture 
of the core and cladding, for mechanical protection 

10 of tiie fiber. 

The freedom of movement of the optical con- 
ductors In tiie plastic tubes avoids damage to tiie 
optical conductors. As the tfiermal coefficient ex- 
pansion of plastic is much higher than tiiat of glass, 

76 a large drop In temperature wouM cause shrinkage 
of tiie plastic. If tiie glass fiber were embedded in 
the plastic, it would undergo possibly very severe 
bending wrtii attendant light attenuation and possi- 
ble breakage. In tiie present invention, tiie optical 

20 conductors are movable in ttie plastic buffer tubes 
so tiiey can take a different position to relieve 
stress. 

The cable asembly 20 also includes a jacket 
26 of a tough, abrasion resistant plastic material. 

25 The jacket is preferably extauded about the tubes 
22 and a strength member 28 is positioned be- 
tween tiie tubes. The strength member 28 has 
limited elasticity to pennit formation of a bend. 
Additionally, tiie sti-ength member 28 serves to 

30 take tiie pulling forces to resist elongation of tiie 
flat cable assembly when tiie cable assembly Is 
pulled from a reel during installation of the assem- 
bly. Preferred materials for the strength members 
are Kevlar fibers (Kevlar is a registered trademark 

S6 of DuPont), copper, steel or fiberglass epoxy rod. 
Prefen-ed extaidable materials for tiie jacket 26 
which offer fiexibiltty witii a degree of strengtii are 
PVC and various fiuorocaribon plastics which have 
tow flame propagation characteristics. 

40 The jacket 26 preferably has a substantially flat 
top surface 30 and a substantially flat bottom sur- 
face 32 disposed parallel to tiie top surface. The 
top surface of tiie cable could also be arcuate, as 
shown In RG. 5. The tubes 22 and the strength 

45 member 28 are disposed in tiie jacket substantially 
midway between the surfaces. The tubes and 
strengtii member are spaced and their respective 
axes are in a plane which Is generally parallel to 
tiie top and bottom surfoces. The jacket has lateral 

60 surfaces 34 which converge in the direction of tiie 
top surface 30. These sloping lateral surfaces func- 
tion as ramps to tiie elevated central region of tiie 
jacket so that for example, wheeled carts can 
easily be moved over tiie cable assembly as they 

55 do not encounter an abrupt step. The gradual ele- 
vation provided by the lateral surfaces 34 also 
makes the cable assembly less obtrusWe to per- 
sonnel. 
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The top surface 30 and bottom surface 32 of 
the jacket 26 are preferably provided with longitudi- 
nally extending grooves 36 with a groove in angn- 
ment with each of the buffer tubes 22 and the 
strength member 28. The jacket may also include a 
longitudinally extending rip cord 38 In engagement 
with each of the buffer tubes and the strength 
mernbers, with each rip cord being aligned with a 
corresponding groove on, for example, the top sur- 
face 30. As will be discussed more fully 
hereinafter, these rip cords are for use in removing 
a portion of the jacket material to expose the buffer 
tubes 22 and the strength member 28 to permit 
formation of a bend in the plane of tiie bottom 
surface 32 so that tiie cable can be turned without 
any sharp bends in the optical conductors 24 which 
could result in their damage. 

Refenring to FIG. 4, a pliers-type tool 40 is 
shown for making transverse cuts through the jack- 
et material 26 but without cutting the buffer tubes 
22 or the strength member 28. The tool 40 in- 
cludes an anvil jaw 42 having spaced abutments 44 
for seating and holding tfie cable assembly 20 
against faterai movement The pliers-type tool 40 
also includes a cutting jaw 46 canying a dependent 
cutting blade 47 having recesses matching tiie 
buffered tubes 22 and strength member 28 in size 
and location so ttiat when tfie jaws are closed to 
effect cutting of tiie jacket material, tiie buffer tubes 
22 and strength member 28 are not severed. It will 
be appreciated that by using tiie tool 40 to provide 
spaced transverse cuts 48 in tiie cable assembly 
20. the rip cords 38 can be pulled away from tfieir 
conresponding buffer tubes or strengtfi member to 
split the jacket material intemnediate tiie cuts 48. 
That is. the jacket material between a correspond- 
ing groove 36 and rip cord 38 fonro a relatively 
ttiin. rupturable membrane 50. By using tiie Hp 
cords or force, these membranes can be ruptured 
and the jacket material between the cuts 48 can be 
convenientiy removed by manipulating fte rela- 
tively flexible jacket material to expose tfie buffer 
tubes and strength members. The grooves 36 on 
ttie bottom surface 32 provide weakened areas to 
promote flexibifity on ttie jacket material so ttiat 
after longitudinal splitting, the jacket material can 
be easily deflected away from ttie tubes and 
strength member. 

Refem'ng to RQ. 3, a bend 52 is fomied in tfie 
cable assembly 20 by positioning tfie cable por- 
tions 53-1, 53-2 adjacent ttie exposed buffer tubes 
and strengtti member so tfiat ttie bend 52 of de- 
sired shape is form'ed, witfiout exceeding ttie bend- 
ing limits of ttie optical conductor 24. Witti ttie 
bend formed, and ttie cable portions adjacent ttie 
exposed buffer tubes and strengtti member placed 
in a fonri or mold, a potting compound such as 
epoxy resin or silicone rubber can be poured into 



ttie mow. After ttie potting compound Is hardened, 
ttie mold can be removed and ttie bend 52 is 
permanentiy formed in ttie cable assembly by ttie 
potting 51 wfth ttie bend extending in ttie plane of 
5 ttie flat cable assembly 20. A junction box could 
also be used to hold ttie cable portions 53-1, 53-2 
defining ttie bend. 

An alternative prefen-ed embodiment of tfie flat 
cable assembly of ttie present Invention is shown 
ro in RG. 5 by reference character 20B. Components 
of flat cable assembly 20B corresponding to flat 
cable assembly 20 are indicated by tfie reference 
character assigned to assembly 20 witti tfie addi- 
tion of sufffac "B". similar to flat cable assembly 20 
76 except a pair of strengtfi members 288 flank a 
single buffer tube 22B holding tfie optical conduc- 
tors 24B. and the top surface 308 of tfie cable 
assembly is arcuate. . 

As a metfiod of forming a tum in a tfiin, rela- 
20 tively flat fiber optic cable assembly 20, tfie 
present invention includes several steps: 

a) Spaced transverse cuts 48 are formed 
tiirough ttie facket 26 wittiout cutting tfie tubes 22 
or the strength member 28; 
25 h) Longitudinal splits are formed in tfie jacket 

intermediate tfie cuts at tfie tubes and ttie strengtti 
member; 

c) The jacket material is removed between 
tfie cuts 48 to expose tiie tubes 22 and the 

30 strength member 28; 

d) The cable portions 53-1, 53-2 between 
which tfie jacket has been removed are positioned 
to define tfie desired tum 52 in ttie plane of ttie 
bottom surface 32/of ttie flat cable assembly; and 

35 e) The cable portions 53-1, 53-2 and ttie 

exposed tubes and strengtti members are main- 
tained in ttieir positions defining ttie tum. The step 
of maintaining is preferably achieved by potting ttie 
exposed tubes, tfie exposed strengtti member and 

40 tiie adjacent ends of tfie cable portions. 

The various optical conductors 24 may be 
broken out at tfie ends of ttie cable assembly 20 
using the mettiod described in our US-A-4626067. 



Claims 

1. A ttiln, relatively flat cable fiber optic cable 
assembly (20) for laying under carpet, said cable 

so assembly comprising: 

at least one resiOent buffer tube (22); 
at feast one optical conductor (24) disposed inside 
said tube (22) and having an outside diameter 
smaller tfian tfie inside diameter of said tube, said 

65 optical conductor (24) being movable inside said 
tube (22); 

at least one strengtfi member (28) having Omited 
elastidty; 
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a plastic jacket (26) extruded about said tube (22) 
and said strengtfi member (28) so that said tube 
and strength member are embedded therein, sub- 
stantially the only air space inside said jacket being 
inside said tube, said jacket (26) having a top 
surface (30) and a substantially fiat bottom surface 
(32), said tube (22) and said strength member (28) 
being disposed in said jacket (26) substantially 
midway between said surfaces (30, 32), with said 
tube and strength member being spaced and with 
their respective axes positioned in a first plane 
which is generally parallel to said bottom surface 
(32), said cable assembly being substantially sym- 
metrical about a second plane disposed at a right 
angle to said first plane, whereby a bend can be 
formed in said cable assembly by removing a 
section of said jacket (26) to expose said strength 
member and said buffer tube (22). 

2. A cable assembly as set forth in Claim 1 
wherein said top surface (30) is substantially flat 
witii the top and bottom surfaces (30, 32) being 
substantially parallel. 

3. A cable assembly as set forth in Claim 2 
comprising a pair of said strength members (28) 
flanking said tube. 

4. A cable assembly as set fortti in Claim 2 
comprising a pair of said' buffer tubes (22). each 
holding at least one of said optical conductors (24). 
flanking said strength members (28). 

5. A cable assembly as set fortti in Claim 2 
wherein said jacket (26) has lateral suilaces (34) 
which converge in tiie direction of said top surface 
(30). 

6. A cable assembly as set fortti In Claim 2 
wherein one of said top and bottom surfaces (30. 
32) has a plurality of longitudinal grooves (36), one 
of said grooves being aligned wtth each of said 
tube (22) and said strengtii member (28). 

7. A cable assembly as set fortii in Claim 6 
furttier comprising a longitudinal rip cord (38) in 
engagement witti said tube (22) and a longitudinal 
rip cord (38) in engagement with said stirengtti 
member (28), each rip cord (38) being disposed in 
alignment with a conrespondlng groove (36). 

8. A cable assembly as set fortti in Claim 7 
wherein the jacket material t)etween each rip cord 
(38) and its corresponding groove (36) forms a 
relatively ttiin membrane which can be mptured by 
pulling ttie rip cord (38) away from Its associated 
strengtti member (28) or tube (22). 

9. A mettiod of forming a turn (52) in a thin, 
relatively flat fiber optic cable assembly (20) for 
laying under carpet and including: 

at least one resilient buffer tube (22); 
at least one optical conductor (24) disposed inside 
said tube and having an outside diameter smaller 
titan ttie inside diameter of said tube, said optical 
conductor being movable inside said tube; 



at least one strengtii member (28) having limited 
elasticity; 

a plastic jacket (26) extruded about said tube (22) 
and said strengtti member (28) so ttiat said tube 

5 and said strength member are embedded ttierein, 
substantially the only air space inside said jacket 
being inside said tube, said jacket (26) having a 
substantially flat top surface (30) and a substari* 
tially flat bottom surface (32) disposed substantially 

10 parallel to said top surface, said tube (22) and said 
strengtti member (28) being disposed in said jacket 
(26) substantially midway between said surfaces 
(30, 32), witti said tube and strengtti member being 
spaced and with their respective axes positioned in 

75 a plane which is generally parallel to said surfaces 
(30, 32), said mettiod comprising ttie following 
steps: 

(1) forming spaced transverse cuts through 
said jacket (26) wittiout cutting said tube (22) or 

20 said strengtti member (28); 

(2) forming longitudinal splits in said jacket 
(26) intenmediate said cuts at said tube (22) and 
said strength member (28); 

(3) removing ttie jacket material between 
25 said cuts to expose said tube and said strengtti 

member; 

(4) positioning tiie cable portions (53-1. 53* 
2) between which ttie jacket (26) has been re- 
moved to define the desired tum substantially in 

30 ttie plane of said bottom suriace (32), tiie exposed 
strengtti member and ttie tube In saki tum having 
substantial identical lengttis and defining outskJe 
bends; 

(5) potting said cable portions (53-1, 53-2) 
and the exposed tube (22) and exposed strengtii 
member (28) in ttieir positions defining said tum, 
substantially ttie only air space inskie said potting 
being inside said tube and said potting having a 
height substantially identical to ttiat of saki Jacket 

40 10. A ttiin, relatively fiat fiber optic cable as* 
sembly (20) for laying under carpet including a first 
relatively straight portion (53-1). a second relafiveiy 
straight portion 53-2 and a bend (52) disposed 
between said portions, said cable assembly com* 

45 prising: 

at least one resilient buffer tube (22) extending 
substantially the length of said assembly; 
at least one optical conductor (24) extending sub- 
stantially ttie lengtti of said assembly, disposed 

50 inside said tube and having an outside diameter 
smaller ttian tiie inside diameter of said tube, said 
optical conductor being movable inskie said tube; 
at least one strengtii member (28) having limited 
elasticity Ending substantially the lengtti of said 

55 assemlaly; 

a plastic jacket (26) extruded about said tube (22) 
and said strength member (28) in said first and 
second straight portions so that said tube and said 
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strength member are embedded therein, substan- 
tially the only air space inside said jacket being 
inside said tube, sa'd jacket not being present in 
said bend (52), said jacket having a substantially 
flat bottom surfece (32) and said bend being 5 
formed substantially in the plane of said surface; 
and 

a potting compound ^1) holding said buffer tube 
(22) and said strength member (28) in said bend 
52 and the adjacent jacket in said first and second lo 
straight portions, substantially the only air space in 
ttie bend being Inside said tube; and said tube, 
said conductor and said strength member all for* 
ming an outside turn in said bend, and the lengths 
of said tube, said conductor and said strength '75 
member in said bend being substantially equal. 
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0 Under carpet flat cable assembly and method of forming a turn in same. 



© A thin, relatively flat fiber optic cable assembly 
for laying under carpet The cable assembly in- 
cludes at least one resilient buffer tube (22) and at 
least one optical conductor (24) disposed inside the 
tube and being movable therein. The cable assem- 
bly includes a strength member (28) having limited 
elaticity and a plastic jacket (26) formed about the 
tube and the strength member with the jacket having 
a preferably flat top surface and a flat bottom sur- 
face. The tube and the strength member are posi- 
tioned in the jacket mklway between the top and 
bottom surfaces with the tube and the strength 
member being spaced and with their respective axes 
positioned in a plane which is generally parallel to 
CO the bottom surface so that a bend can be formed in 
^the cable by removing a section of the jacket to 
^expose the strength member and the buffer tube. A 
M method of forming and defining the turn using the 
O fiber optic cable assembly is also disclosed. 
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